Abstract. The purpose of the present study was to identify key genes and investigate the related molecular mechanisms of bladder cancer (BC) progression. From the Gene Expression Omnibus database, the gene expression dataset GSE7476 was downloaded, which contained 43 BC samples and 12 normal bladder tissues. GSE7476 was analyzed to screen the differentially expressed genes (DEGs). Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses were performed for the DEGs using the DAVID database, and a protein-protein interaction (PPI) network was then constructed using Cytoscape software. The results of the GO analysis showed that the upregulated DEGs were significantly enriched in cell division, nucleoplasm and protein binding, while the downregulated DEGs were significantly enriched in 'extracellular matrix organization', 'proteinaceous extracellular matrix' and 'heparin binding'. The results of the KEGG pathway analysis showed that the upregulated DEGs were significantly enriched in the 'cell cycle', whereas the downregulated DEGs were significantly enriched in 'complement and coagulation cascades'. JUN, cyclin-dependent kinase 1, FOS, PCNA, TOP2A, CCND1 and CDH1 were found to be hub genes in the PPI network. Sub-networks revealed that these gene were enriched in significant pathways, including the 'cell cycle' signaling pathway and 'PI3K-Akt signaling pathway'. In summary, the present study identified DEGs and key target genes in the progression of BC, providing potential molecular targets and diagnostic biomarkers for the treatment of BC.
Introduction
Bladder cancer (BC) is the fourth most common cancer in men and the seventh most common solid tumor in women worldwide, with an estimated 430,000 new cases diagnosed in 2012 (1, 2) . While the incidence rate is stable or declining in men, it exhibits an increasing trend in women (3) . BC has a complex biological behavior, with frequent relapse and metastasis (4) . Previous data shows that about one-third of initial BC cases will exhibit local progression and distant metastasis, and the 5-year survival rate is <62% (5) . However, the mechanism underlying BC is not clear, and the mechanisms of occurrence, recurrence and metastasis are still unknown. Therefore, it is of great value to explore the molecular mechanisms involved in the apoptosis, proliferation, metastasis and invasion of BC for the improvement of prevention, diagnosis and therapy.
The histopathology and molecular pathways in BC pathogenesis have been described. Somatic copy number alterations in multiple regions have been identified in previous studies, including amplification of PPARG and E2F3, with loss of CDKN2A and RB1 (6, 7) . The Cancer Genome Atlas (TCGA) project reported that potential therapeutic targets had been identified in 69% of the bladder tumors investigated; 42% of the tumors were reported to have targets in the phosphatidylinositol-3-OH kinase/AKT/mTOR pathway, and 45% were reported to have targets in the RTK/MAPK pathway (8) . So far, knowledge of the molecular biology of BC has lagged behind that of other cancers. No molecular or gene-targeting agents have been approved for the treatment of the disease. Therefore, understanding the molecular mechanism of BC is vital for the development of more precise diagnostic and effective therapeutic strategies.
With the continuous development of bioinformatics and molecular biology, it is possible to explore the mechanism of carcinogenesis and development at the molecular level. In previous decades, a large number of important signaling pathways in tumorigenesis were identified through analysis of the expression profiles of gene microarrays. This technology has also been used for genomic analysis, which may aid in the discovery of key genes that are interrelated with tumorigenesis (9) .
In the present study, a gene expression profile (GSE7476) was downloaded from the Gene Expression Omnibus database Identification of differentially expressed genes and biological pathways in bladder cancer (GEO) . The differentially expressed genes (DEGs) between the controls and BC samples were analyzed. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses in the DAVID database were applied to analyze the functional enrichment and significant pathways associated with the DEGs. In addition, we constructed a PPI network to identify the critical DEGs and significant modules. This study aimed to investigate the involvement of genes critical to BC, and to promote the development of novel targeted agents for BC therapeutic intervention.
Materials and methods
Microarray data. Gene expression profiles for BC (GSE7476) were downloaded from the GEO on the NCBI website (http://www.ncbi.nlm.nih.gov/geo). The probe-level data were converted into the corresponding gene symbols to detect the expression of gene transcript levels, according to the annotation information downloaded from the platform GPL570 (Affymetrix Human Genome U133 Plus 2.0 Array), which contains 54,675 probes. The gene expression profiles consisted of 12 urothelial samples from patients with prostatic hyperplasia or renal failure with no evidence of bladder malignancy, and 43 tumor samples from different BC risk groups. The mean age of the BC risk groups, which consisted of 39 males and 4 females, was 77 years (10) . In total, 15 low-grade superficial tumor samples, 13 high-grade superficial tumor samples and 15 high-grade muscle-invasive tumors samples were assigned to the BC risk group (10) . The healthy control (HC) group, which comprised 12 males, had a median age of 59 years (10). The datasets from the 12 HC and 43 BC samples were analyzed.
Data processing and screening of DEGs. The CEL file data of GSE7476, downloaded from the GEO database, were read using the affy package in the R programming language (R). The original probe-level data were converted into gene symbols. Then, the expression values of multiple probes for the same gene were transformed into a single value by taking the mean expression value. The RMA method (robust multiarray average) was applied to carry out data pre-processing, including background correction, normalization and expression calculation of the original array data. The Limma package in R (11) was used to identify the DEGs between BC and HC samples. The Benjamini-Hochberg (BH) method (12) was introduced to adjust the raw P-values into a false discovery rate (FDR) to avoid the multi-test problem, which might produce too many false positive results. P<0.05 and |log 2 fold change (FC)|≥1 were set as the thresholds for identifying DEGs.
Functional and pathway enrichment analysis of DEGs. GO and KEGG analyses were applied for the functional annotation and pathway analysis, using the Database for Annotation Visualization and Integrated Discovery (DAVID; https://david. ncifcrf.gov/) (13) . The human genome was selected as the background parameter. P<0.05 and a count ≥2 were set as the thresholds to indicate a statistically significant difference.
PPI network construction and analysis of modules. PPI analyses may be helpful in identifying the generic organizational principles of functional networks, and to provide novel insights into protein function (14) . In order to reveal the functional associations between proteins on a genome-wide scale, the STRING database (http://string-db.org/) online software (15,16) was used to construct a PPI network. PPI networks were created after all DEGs were imported into the Cytoscape plugin. Confidence score ≥0.4 was set as the cut-off criterion. Molecular Complex Detection (MCODE) (17) was then applied to conduct module analysis in the resulting PPI network with the following parameters: Node score cutoff, ≥2; degree cutoff, ≥2; max depth, 100; and K-core, ≥2.
Results
Data preprocessing and DEG screening. The RNA was isolated from the tissue from BC and HC samples, respectively, for use in the microarray studies. A total of 20,487 gene symbols were discerned and the gene expression matrix of the samples was obtained. Based on the R analysis, a total of 1,173 DEGs were identified in BC compared with HC samples, including 859 upregulated genes and 314 downregulated genes. P<0.05 and |FC|≥2.0 were set as the threshold criteria. The top 10 upregulated DEGs and top 10 downregulated DEGs are listed in Table I . A volcano plot of the DEGs is presented in Fig. 1 .
Functional and pathway enrichment analysis of DEGs.
To further explore the systematic characterization and biological functions of the identified DEGs, functional annotation and pathway analysis, including GO and KEGG, were performed using DAVID.
In this study, the three GO categories [cellular component (CC), biological process (BP) and molecular function MF)] were detected, respectively, using DAVID. The top 15 GO terms of the upregulated and downregulated DEGs are shown in Table II and Fig. 2 , respectively. The upregulated DEGs were involved in the different GO terms, such as 'cell division' (ontology: BP), 'nucleoplasm' (ontology: CC) and 'protein binding' (ontology: MF) (Table IIA and Fig. 2A ). The most significantly downregulated DEGs were related to the GO terms 'extracellular matrix organization' (ontology: BP), 'proteinaceous extracellular matrix' (ontology: CC) and 'heparin binding' (ontology: MF) (Table IIB and Fig. 2B ).
Subsequently, KEGG pathway analysis demonstrated that the upregulated DEGs were enriched in five key pathways (Table IIIA and Fig. 3A ), including 'cell cycle', 'DNA replication' and 'p53 signaling pathway', whereas the downregulated DEGs were enriched in five different pathways (Table IIIB and PPI network construction and module selection. STRING was applied to construct the PPI network of the DEGs. This PPI network consisted of 959 nodes interacting via 6,400 edges. Seven hub genes appeared in the top 10 genes list in terms of degree, betweenness and closeness, simultaneously. Among these genes, Jun proto-oncogene (JUN) showed the highest node degree, which was 144. The others included cyclin-dependent kinase 1 (CDK1, degree=125), Fos proto-oncogene (fos, degree=122), proliferating cell nuclear antigen (PCNA, degree=101), topoisomerase (DNA) II alpha (TOP2A, degree=100), cyclin D1 (CCND1, degree=98) and cadherin 1 (CDH1, degree=98).
Moreover, 27 functional clusters were selected from the PPI network using MCODE. The top 3 significant modules were selected (Fig. 4) , and the pathway enrichment annotation of the genes involved in the modules was analyzed using KEGG pathway analysis, which revealed that the genes in modules 1-3 were mainly associated with the 'cell cycle' signaling pathway (both appearing in module 1 and module 2), and 'PI3K-Akt signaling pathway'.
Discussion
BC is one of the most common types of malignant cancer in China and has a high mortality rate (18) . BC is the most common form of urinary tract malignant tumor. Approximately 95% of bladder tumors are urothelial, and their treatment mainly centers around surgery; however, relapse and metastasis after surgery are common (4) . The key genes and pathways associated with BC were identified in the present study using bioinformatics methods.
In the present study, R was used to extract the genetic information from GSE7476, and a total of 1,173 genes were Previous studies have demonstrated that tumor development is associated with the activation of the coagulation cascade. The exact mechanism through which coagulation proteins promote tumorigenesis remains unclear; however, it is possibly associated with hemostatic factor changes and peritumoral deposition of fibrin (19) (20) (21) . The cell cycle is the series of events that occur between cell duplication and division, and is closely associated with cell growth, anabolism and proliferation (22) . Uncontrolled cell proliferation and DNA replication comprise one of the hallmarks of cancer (23) . p53 is known to be mutated in >50% of all human cancers, including bladder carcinoma (24) . Alterations in p53 expression levels are correlated with tumor recurrence, lower survival rates (25) and poor prognosis in BC patients (26) . Therefore, investigating these signaling pathways may aid in elucidating the carcinogenic mechanism of BC.
In addition, a PPI network was constructed to identify the key DEGs. We used proteins that corresponded to genes to construct the PPI network, and found that seven hub genes (JUN, CDK1, FOS, PCNA, TOP2A, CCND1 and CDH1) appeared in each of the top 10 gene lists in terms of degree, betweenness and closeness. JUN and FOS both exhibited downregulated expression, and were identified as main hub genes, with degree values of 144 and 122, respectively. FOS and JUN are proto-oncogenes belonging to the family of activator protein 1 (AP1) transcription factors (27, 28) . Ye et al (29) reported that AP-1 plays a vital role in cellular migration, metastasis, proliferation, transformation, apoptosis and inflammation. C-FOS, a major member of the FOS family, has been demonstrated to be involved in the regulation of cell growth, differentiation, proliferation, transformation and apoptosis (30) . Previous studies have shown that the level of C-FOS in BC tissues is significantly higher than that in adjacent non-cancer and normal tissues (31, 32) . Most of the research on c-Jun (a major member of the JUN family), indicates that it may contribute to tumor initiation and invasiveness (33, 34) . Huhe et al (35) revealed that high c-Jun expression served a vital role in tumor progression, and may be a diagnostic and therapeutic biomarker in urothelial carcinoma of the bladder.
The results of our study also showed that CCND1 and CDH1 were enriched in several pathways in BC. CCND1, a cell cycle regulatory factor, promotes the progression of the cell cycle through the G1/S phase limit points. Overexpression of the CCND1 gene can result in uncontrolled cell proliferation and tumor occurrence by shortening the G1 phase (36, 37) . Many patients with cancer have been found to overexpress CCND1, and thus to have a poor prognosis (38, 39) . Xu et al (40) reported that the expression of CCND1 is associated with the progression of BC; therefore, CCND1 may be considered as an auxiliary diagnostic factor and potential prognostic marker for BC patients. CDH1 encodes a classical cadherin of the cadherin superfamily. A previous report (41) showed that CDH1 plays an important role in suppressing the invasive phenotype of urothelial BC cells. Many studies have shown that the classical cadherins and related molecular pathways may be attractive therapeutic targets to restrain tumor progression in patients with BC (42) (43) (44) (45) (46) . Cell cycle progression is controlled by cyclin-dependent kinases (CDKs) and cyclins. Cell cycle dysregulation may lead to uncontrolled cell proliferation and the subsequent development of cancer (47) . CDK1 regulates the G1-S transition in the cell cycle, a process that is important for the development of centrosome mutation (48) . CDK1 is a vital regulator in cell proliferation, and overexpression may lead to high tumor aggressiveness and poor prognosis (49) (50) (51) . Some antibodies, including anti-CDK1, have been used to investigate cell proliferation (52) . One study revealed that determination of the specific activity of CDK1 may be useful in the prediction of outcomes in breast cancer patients (53) . Therefore, CDK1 may also play an important role in BC tumorigenesis, and further study is required to identify whether it may serve as a potential molecular marker associated with BC.
PCNA, which encodes a nuclear protein that functions as a cofactor of DNA polymerase delta, serves as an important proliferative marker in carcinogenesis (54) . The synthesis rate of PCNA has a direct impact on the proliferative rate of cells (55) . An early study reported that significant clinical information obtained from immunohistochemical staining for PCNA may be helpful in the initial selection of therapies and the evaluation of chemotherapeutic effects (56). Malkas et al (57) reported that polyclonal antibodies against cancer-associated PCNA (caPCNA), which can serve as a diagnostic marker of breast cancer, have been developed. Therefore, further investigation is necessary to clarify the underlying biological links between PCNA and BC.
TOP2A is an essential nuclear enzyme involved in DNA replication, and its expression is decreased at the end of mitosis and increased during the S to G2/M phases in bladder urothelial carcinoma (58) . Many studies have reported that the expression of TOP2A is increased in skin, breast, brain, ovarain and small cell lung cancers, and such increased expression is associated with shortened survival (59) (60) (61) (62) (63) . Overexpression of TOP2A has been demonstrated to be related to recurrence and increased risk of death (64) , and with late-stage BC (65). Lindén et al (66) reported that TOP2A could serve as a vital urinary biomarker candidate for BC. However, further investigation is required to elucidate the exact mechanism of action of TOP2A in the development and progression of BC. The module analysis in the PPI network demonstrated that the development of BC was associated with the cell cycle signaling pathway and PI3K-Akt signaling pathway. It is well known that the cell cycle signaling pathway plays a key role in controlling the normal progression of the cell cycle. In the entire cell cycle regulatory network, abnormalities in various types of molecules can affect cell proliferation and apoptosis, potentially leading to uncontrolled cell growth and ultimately causing tumors. Akt plays a central role in the signaling pathways involved in cell growth, proliferation, angiogenesis, metabolism, apoptosis and migration (67, 68) , and has already been found to be associated with cancer (69) . Many studies have identified PI3K/Akt overexpression and activation in a variety of tumor tissues, such as ovarian cancer, colorectal cancer, lymphoma, pancreatic cancer, non-small cell lung cancer, lymphoma and gastric cancer (70) (71) (72) (73) (74) (75) . Therefore, blocking the cell cycle and inhibiting the PI3K-AKT signaling pathway are promising approaches for therapeutic intervention in BC patients.
In conclusion, the current study aimed to identify DEGs involved in the progression of BC via comprehensive bioinformatics analysis. This study provides several key genes and pathways for future investigation into the mechanisms and biomarkers of BC. However, a lack of experimental verification is a limitation of this study. Further experimental research is necessary to investigate the pathogenic mechanism of BC.
